Different types of formaldehyde-oxidizing dehydrogenases in Nocardia species 239: purification and characterization of an NAD-dependent aldehyde dehydrogenase.
Three different dehydrogenases able to oxidize formaldehyde were found in the Gram-positive methylotroph, Nocardia sp. 239: an NAD-dependent aldehyde dehydrogenase (NA-ADH), and NAD- and factor-dependent formaldehyde dehydrogenase (FD-FDH), and a dye-linked aldehyde dehydrogenase (DL-ADH). The ratio of the activities observed for the two NAD-linked enzymes varied with growth conditions: batch-wise grown cells had nearly the same activities for both enzymes; in fed batch-wise grown cells (methanol limitation) only FD-FDH was detected. The latter is clearly involved in formaldehyde oxidation, since the enzyme and the factor were found only in methanol-grown cells and the enzyme is specific for formaldehyde. In contrast, the two aldehyde dehydrogenases may have significance for aldehyde dissimilation in general, since both activities could also be demonstrated in ethanol-grown cells (but not in glucose-grown cells) and higher aldehydes are even better substrates than formaldehyde. NA-ADH was purified to homogeneity. The enzyme seems to be a homotetramer since it showed a relative molecular mass of 200,000 and the denaturated form of 55,000. Other characteristics are as follows: the enzyme showed substrate inhibition for the aldehydes tested; optimal activity was found at pH 9.2; the reverse reaction was not observed; the enzyme was specific for NAD; GSH, K+, or NH4+ addition did not stimulate formaldehyde oxidation; the order of NAD and substrate addition to the enzyme was not important; several compounds able to block SH groups were inhibitory. Comparison with NAD-linked aldehyde dehydrogenases from Gram-negative bacteria showed that the Nocardia enzyme is distinct from the enzyme of Pseudomonas putida (EC 1.2.1.46) and of Hyphomicrobium X.